Abstract
Introduction
Since 1972, the United States satellite Landsat had been launched, the remote sensing data (MSS/TM/ETM+) from this satellite had began to be chosen as major data source in the monitoring and evaluating the water quality of rivers, lakes and Marine, etc.. Remote sensing was a high technology which obtained information far away from the ground to identify surface features' electromagnetic wave features or state. The spectral characteristics of water and water pollutants were the theoretical basis of monitoring and evaluating water quality by using this remote sensing information. At the same time, along with the continuous improvement of the remote sensing technology, monitoring water quality using remote sensing had grown from qualitative to quantitative. Lots of researchers have conducted the research that estimated the water quality parameters of the water pollution by using remote sensing method to monitor the changes of water quality. Carpenter [1] and Ritchie [2, 8] used remote sensing data to monitor the suspended solids in water quantitatively; Lillesand [3, 9] used remote sensing data to predict and evaluate the eutrophication state of lake and reservoir; Verdin [4] used the means of remote sensing data evaluated the algae pigment concentration of the polluted water; Lathrop [5] , Baban [6] and Dekker [7] used TM data to monitor the transparency, chlorophyll concentration and total suspended solids (TSS) of the water, and conducted a series researches of remote sensing water parameters; Ritchie [8] , Harding [9] , Gitelson [10] , Han [11] , Chen [12] , Li [20] ,Fan [22] [23] [24] ,Shu [13] , Wang [25] and Tian [14] measured and analyzed the chlorophyll in the water, studied the spectral reflection characteristic of chlorophyll by making use of satellite remote sensing and aviation remote sensing methods; Li [15] conducted the comprehensive analysis of Suzhou canal's water quality and Yu [16] ,Fan [22] [23] [24] launched the PCA (Principal component analysis) supervised classification research of the north Tai lake water with TM images; Zhou [17] , Kim [21] used remote sensing and GIS technology evaluated the water environment of Wuhan East lake comprehensively; Zhang [18] investigated the surface water pollution of Hohhot in application of remote sensing technology; Wang [19] have evaluated Tai lake's water quality conditions.
In this paper, the Guangzhou section of Pearl River had been taken as the research object in order to discuss the methods of how to use remote sensing TM data to monitor the water pollution under the supporting of field acquisition data.
Study Area
The study area of this paper was Guangzhou section of Pearl River which followed through the Guangzhou City, the 3 th city in China, the capital of the Guangdong province, a developed city in South China, is the political, economic, educational, cultural, as well as scientific and technological center of the Guangdong province and South China. The Pearl River was mother river of Guangdong province, and the Pearl River was made up of three streams which were East River, West River and North River. The three streams followed together in Guangzhou section, just was shown in Fig 1. Guangzhou section of Pearl River was located in the piedmont and coastal plain physiographic regions, declining from the mountain areas in the north (Baiyun Mountain) to sea level at the confluence of Pearl River in the south (Fig 1) . Around/nearby Guangzhou section of Pearl River, 12,000,000 people and lots of factories kept their subsistence depending on the river, so large quantity pollution was discharged and water quality had taken great change in past 20 years.
A single TM or ETM+ scene (WRS path 122, row 44) can cover the whole area. Fig. 1 shows the location of Guangzhou section of the Pearl River (Blue Color in this Figure) . 
Data acquisition
In this paper, two type data were applied; one of what was field acquisition data which was obtained from the Guangdong Environment Monitoring Station. Another data of what was TM images of 1/1/2003. In order to obtain the credible data of water quality, the choosing of water observation points was a key factor. So in this paper, these water observation points were selected according to the government project which was framed by Guangdong Environment Monitoring Station, and these points also were universal points to monitor and forecast pollution information to the public. These information was including 9 monitoring points in Pearl River 's Guangzhou section，and the indexes of these information were make up of PH value, total suspended solids (TSS), dissolved oxygen(DO), COD(chemical oxygen consumption), BOD (Biochemical oxygen demand), NH3-N (ammonia nitrogen), NO2-N (nitrite nitrogen), NO3-N (nitrate nitrogen), volatile phenol and petroleum. In this study, all of the water quality data came from the environmental monitoring station (Table1). Based on these indexes of water pollution, the A indexes was established in order to get the comprehensive information to evaluate the degree of water pollution. The A indexes was expressed as followed:
In this formula, A was the comprehensive information which implicated degree of water pollution. The n was number of pollution class; Pi was numerical value of each pollution class.
On the same time, the Land satellite TM data were chosen as remote sensing information source of the Pearl River water quality monitoring and evaluation in this research. Only if the time of TM data acquisition and water quality monitoring parameters were as close as possible, they may have good correlation and comparability. The remote sensing data were from the institute of Chinese Remote Sensing Satellite Ground Station. The Remote Sensing data pretreatment included radiation correction and geometric correction etc. These pretreatments were finished at the institute of Chinese Remote Sensing Satellite Ground Station in advance. 1)Used the 1:100000 topographic map to geo-locate the 9 monitoring sections' precise location of the Pearl River's Guangzhou section, and then 2) after the precise extraction of remote sensing information, get TM 6 bands average gray values and TM band brightness values (TMV) at optical wavelengths of the nine monitoring sections(Table2); 3) Thirdly, according to the model analysis between remote sensing information data and water quality monitoring parameters to analyze and evaluate the water pollution condition. 
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Single factor analysis
Factor analysis was a statistical method used to describe variability among observed, correlated variables in terms of a potentially lower number of unobserved, uncorrelated variables called factors. In other words, it was possible, for example, that variations in three or four observed variables mainly reflect the variations in fewer such unobserved variables. Factor analysis searches for such joint variations in response to unobserved latent variables. The observed variables were modeled as linear combinations of the potential factors, plus "error" terms. The information gained about the interdependencies between observed variables could be used later to reduce the set of variables in a dataset. Factor analysis originated in psychometrics, and was used in behavioral sciences, social sciences, marketing, product management, operations research, and other applied sciences that deal with large quantities of data. Factor analysis was related to principal component analysis (PCA), but the two were not identical. In this paper, single factor analysis was performed in order to obtain the relationship between each water pollution index and TM DN data.
Generally, when the water had been polluted, then the character of reflectance spectral of water quality and the hue of remote sensing images would take obvious changes. The principle of water quality remote sensing was consentient rule for so many researches in the world, and a lot of work according to this principle was finished. Therefore, this study developed the monitoring research under the controlling of this principle strictly. According to the principle, 1) if the data of reflectance or hue of images was different, then the differences in remote sensing image data on gray value also had certain difference; 2) from the TM multi-band data brightness values of color synthesis and water quality distribution law, It could can be seen that they had a good corresponding relations, if the water's image was dark, then the water's quality was bad. Therefore, a regression analysis was finished according to each section of the TM data grey value and water quality monitoring results to find out the relationship between them, thus to provide basis for the remote sensing quantitative analysis.
Conducted the correlation analysis by taking advantage of TM six bands data and water quality monitoring parameters, the analysis results were showed in table 3. The analysis results showed that the correlation between TM data and PH value, volatile phenol and water quality parameters was poor, infrared bands TM data and the water quality parameters were not related very much, and visible bands and water quality parameters had certain correlation between them, especially the dissolved oxygen in water quality parameters (DO),biochemical oxygen consumption (BOD),chemical oxygen consumption (COD),ammonia nitrogen (NH3-N) had high correlation with TM1/TM2/TM3 and TMV, in addition to dissolved oxygen, they were all negatively correlated; TM 5 and TM7 which were located near infrared band also had certain degree relations with the water quality parameters; TM4 had poor correlation with the water quality monitoring parameters. This showed that if the water had been polluted organically, then the data of TM visible band was low and the image's gray was dark. Therefore, TM visible bands could reflect the Pearl River water conditions very well. A  TM1  TM2  TM3  TM4  TM5  TM7 
Unary linear regression model
From the above related analysis between TM band and water quality monitoring parameters showed that the visual band could reflect the water quality very well, and thus, conduct the unitary regression analysis of pollution situation of TM visible bands and water quality monitoring parameters, take water quality monitoring parameters as the independent variable and remote sensing data as the dependent variable to do a series of unitary regression analysis, regression equations are followed: The results (of the unitary regression analysis) showed that the Correlation coefficient between water visible bands and TSS, NO2-N, NO3-N of water quality was poor, they were basically not related, but the correlation between water visible bands and the water quality parameters DO, COD, BOD, NH3-N was well, could reflected the actual status of the Pearl River water quality basically. The actual situation of Pearl River water quality was organically polluted , integrated all of the parameters of the water pollution in Table 1 as a comprehensive pollution index (A) to reflect the degree of organic pollution objectively, indicators of pollution index were calculated by taking Pollution Index National surface water quality standard (GB3838-88) Grade Three as the standard (Table 2) 
Multivariate linear regression model
From the above results of single linear regressions results, it was clearly that the visible bands (TM1, TM2, TMV) and comprehensive pollution index had a good negative correlation; the TM5 and TM7 of near-infrared wave lengths and A index also had a good negative correlation too. Correlation coefficient were all almost above -0.80, and the correlation between TM4 and A index were only -0.20, almost not related. Therefore, to water color remote sensing, visible light band in remote sensing was ideal detecting band; it contained rich water quality information. From the above unitary regression analysis, TM band, water quality parameters and pollution index had certain correlations each other, 
The negative correlation coefficient was 0.98. According to the results of multiple regression analysis to calculate each section of the predicted value of comprehensive pollution index (Table 4) compared with the monitoring parameters, predicted value and actual observation value had very good consistency and the credibility were more than 95%, it illustrated that TM material can accurately forecast the quality of the water pollution condition. 
Conclusions
Water pollution was one of important environmental problems in the world, especially in developing countries and areas, such as China, India. Because of the lack of technician, fund and equipments, the routine monitoring method of water quality could not meet the request of timely, large scale monitoring and evaluation. So the convenient, interchangeable method was adopted using the remote sensing, just for the remote sensing had a fast character in getting information. Through this study, it was can be found than the remote sensing was required and was being an important role in monitoring water quality. Remote sensing TM data could reflect the water pollution characteristics very well, dynamically monitoring the spatial distribution law of the water pollution, it was one of fast, accurate, time saving, integrate information very well, and it also could provide real water quality image distribution information vividly. TM data image grey value (DN) of water quality and water pollution parameters had close relationships with water pollution parameters, especially that TM visible bands could correctly reflect the water pollution condition, using TM data can monitor water pollution condition very well, quantitative predicted water pollution comprehensive pollution index, it provided a convenient and effective technical means. Using remote sensing technology to study urban water environment quality had the advantage of comprehensive, intuitive and others, it could launch spatial high-precision monitoring with large-scale water observation ,which was easy to do the comparative analysis and point, quantitative research on the flat, such as combined with a few routine monitoring stations in the photograph union, can reflect the quality of urban water environment of the distribution fully and correctly, it also could make up the deficiency of the routine monitoring method. Remote Sensing monitoring could re-act water quality change very timely, and long periods of time and dynamic remote sensing monitoring could make certain departments grasp the tendency of water quality change and develop specific programs to control water pollution according to actual changes in water quality. Therefore, in the urban water environment monitoring, remote sensing technology was a kind of effective technology method and monitoring means.
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